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Background
— Motivation (simple example)
— Implementation (UAI-NASTRAN cards)
Example of instability: 10th Scale Model of NGST Sunshield
— Linear Results
— Nonlinear Results
— Modal Analysis With Updated Stiffness
Example of Large Displacements: Constellation X PUD
— Nonlinear Geometry Static Analysis
— Modal Analysis With Updated Stiffness

Conclusions
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Examplie: Canuleveimsesin

E,l,.L \ /
Types Linear Material Geometric Material and
nonlinear nonlinear Geometric nonlinear
Static solution F=K.X F=K(X).X F=K(X).X F=K(X).X
Stiffness _3El 3.E(X).1 3.E.1(X) 3.E(X).1(X)
K==5 (K== KO === K0 ===
Assumption Small Small Large Large displacements

displacements
and rotations

displacements
and rotations

displacements
and/or rotations
OR instability
(small dX - large
dK)

and/or rotations
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UAI-NASTIRAIN

 Reference: User’'s Guide, Chapter 17
 Exec control

— APP NONLINEAR
e Case control

— Solution: NLTYPE, STEP, NLSOLVE

— Output: NLFORCE, NLSTRESS, NLSTRAIN...
 Bulk data

— NLSOLVE
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et Sczle Viocdel of NGST Sunshield

* NGST Sunshield (scale factor 1)
* |SIS Flight Experiment (scale factor 3)

o 10th Scale Model (scale factor 10)
— Dimensions: 3.2x1.4x0.1m

— Components:

e Support structure

* Four tubes in an orthogonal cross shape

» 4 layers of thin film (12.7 microns)

» Constant force springs applying pretension
— Objectives:

* Dynamic testing for model correlation

* Natural frequencies

« Damping coefficient

 Mode shapes
— More details during peer review (April 6th, 1999)
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Finite ElementiViee e

 FEM: Network of bar elements with various sections
« Constant forces at each corners (simulating constant force springs)
o Clamp at the base (8 nodes SPC(123))
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Static Linear Seluie

 Deformation
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o Maximum displacement = 20.9mm

 Note: When the model was assembled the membrane did not
touch each other: This result was not correct!
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UAI-NASTIRANNCZIES

e APP NONLI NEAR <-- Non |inear nodul e
SaL 1 <-- Static solution
TIME 5
MEMORY 20MWV
CEND

AUTOSPC( punch, SID=2, SPC, NOPRI NT)=YES
POST PDA3 GLOBAL

ECHO = NONE

MAXLI NES = 999999999

SPC = 2

DI SPLACEMENT( NOPRI NT) =ALL

SPCFORCES( NOPRI NT) =ALL

STRESS( NOPRI NT) =ALL

NLFORCE( NOPRI NT) =ALL

NLTYPE = GEOM STRAI N=SMVALL) <-- Type of non-Ilinear analysis:
SUBCASE 1 geonetric/ material /both
STEP 1 <-- At |east one step nust be defi ned
LOAD = 427
NLSOLVE = 1 <-- Select the NLSCLVE card in bulk
BEG N BULK
NLSOLVE 1 ARC AUTO AUTO <-- Select the algorithmand the controls
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Static Nonlinear Seliiie)

 Deformation

 Maximum displacement = 0.989mm
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WileJeEEUINAgle s s With Uoclaiied Stiffriess

« The purpose of modal analysis is to compute the natural
frequencies of an undamped structure. Due to some preloading,
the natural frequencies of the structure are modified. Depending
on the loads, they can soften or stiffen the structure and then
decrease or increase the natural frequencies. Therefore, they
can not be ignored.
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WileJelzl WAl S s Witk Differentizl Stiffriess Line

r Solution

Q)

* This solution is implemented in UAI-NASTRAN. Three cases
have to be defined in the bulk data deck: the first solves a linear
static case, then the second case updates the stiffness matrix to
include differential strain energy stiffness terms to the linear
(K+dK) and the third calculates the eigenvalues and extract the
modes (For more information see Chapter 17 of the UAI-
NASTRAN Guide book). This block diagram below presents the
equivalent solutions preformed:

Bulk data deck

S0L13
Y

Static case with stifness
matrix update
(S0l

B -
! f) i
—= Updated stiffness matrix — Modasléﬂxﬁglws
. (differential stiffness: . ( )
S KedK) L7
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UAI-NASTIRANNCZIES

- SCOL 13 <-- Mddal analysis with
TIME 5 differential stiffness solution
MEMORY 20MWV
CEND

AUTOSPC( punch, SID=2, SPC, NOPRI NT)=YES
POST PDA3 GLOBAL

ECHO = NONE

MAXLI NES = 999999999

SPC = 2 <-- Must be defined before

DI SPLACEMENT( NOPRI NT) =ALL t he subcases

SUBCASE 1 <-- Static case
LOAD = 427 <-- Load card

SUBCASE 2 <-- Update of the stiff. matrix
DSCCEFFI Cl ENT=DEFAULT <-- Load coefficient

SUBCASE 3 <-- Mdal analysis
METHOD=1000 <-- Sel ect the nethod

BEG N BULK

El GR, 1000, LANCz, 0., , ,10 <-- Define the npde

extracti on net hod

Note: Here the DSCOEFFICIENT card is set to use the default value of the load factor (1.0). To
change this value, a DSFACT card must be defined in the bulk section (see UAI-NASTRAN
Reference).
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FIEM

WileleklWA gl NI WYl Uaclaiad Stiffness Nonlinear Solutior

This solution is similar to UAI-NASTRAN SOL13. However, it is
not implemented in UAI-NASTRAN as a solution by itself.

The first step is to solve a geometric nonlinear solution and
extract the last updated stiffness matrix. Then, during the modal
analysis process, the stiffness matrix built has to be replaced by
the nonlinear one recorded before. To do so, some DMAP cards
have to be added in the bulk data decks. Indeed, two different
files have to be generated and run independently. During each
solving process, a matrix is either output or input and then

replaced.
Bulk data declk
#1
zeometric Manlinear
Static case i : Modal Analysis
(SOL1- APP Updated stiffness matrix (SOL3)
NOMNLINEAR)
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FIEMUCI

UAI-NASTRANNCZIESHIN

fc

1—
U
o

C

APP NONLI NEAR
SaL 1

TIME 5

MVEMORY 20MWV

ASSI GN USER1=WMat ri x, NEW USE=CQUTPUT1, r eal | ocat e
ALTER 205

QUTPUT1 KGGNLX,,,,//-1/*USER1* $

Endal t er

CEND

AUTOSPC( punch, SID=2, SPC, NOPRI NT)=YES
POST PDA3 GLOBAL

ECHO = NONE

MAXLI NES = 999999999

SPC = 2

DI SPLACEMVENT( NOPRI NT) =ALL
SPCFORCES( NOPRI NT) =ALL
STRESS( NOPRI NT) =ALL
NLFORCE( NOPRI NT) =ALL

NLTYPE = GEOM STRAI N=SMALL)
SUBCASE 1

STEP 1

LOAD = 427

NLSOLVE = 1

BEG N BULK

NLSOLVE 1 ARC SEM AUTO <-- SEM wupdates the stiffness matrix after

the last force iteration
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UAI-NASTTRANNCZGESHIV/ e EiRS1s] I

SaL 3
TIME 5
MEMORY 20MW

ASSI GN USER1=Mat ri x, OLD, USE=I NPUTT1

Alter 37

$ Load the matrix

| NPUTT1 / KGE\LX, ,,,/-1/*USERL* $

$ Replace the matrix KGGX by KGGNLX before any reduction
Add KGGX, KGGNLX/ K1X $

Equi v K1X, KGGX/ Al ways $

Endal t er

CEND

AUTCSPC( punch, SI D=2, SPC, NOPRI NT)=YES
POST PDA3 GLOBAL

TI TLE = MSC/ NASTRAN j ob created on 22-Jan-99 at 17:30: 06
ECHO = NONE

MAXLI NES = 999999999

SPC = 2

DI SPLACENMENT( NOPRI NT) =ALL

METHOD=1000

BEG N BULK

El GR, 1000, LANCZ, 0., , ,10

Geometric Nonlinear Analysis Using UAI-NASTRAN
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Mode Shapes

Mode 1

Mode 2

FEMCI
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Conclusion

JFIE ML«

10th Scale Model

— The membrane must be preloaded for dynamic analysis to
represent the state of strain energy introduced by the constant
force springs.

— Tests in vacuum chamber have been performed and the results
seam to match FEM predictions.

— Correlation needs to be performed.

Geometric Nonlinear Solution
— This solution is easy to implement.

— Updated stiffness solution can be implemented for frequency
response analysis as well.
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1

=S lsiallzilor-,4 Pop-Up Detector

» Detector array of calorimeter spectrometer for Constellation-X
* Close-packed arrays of 200x200mm pixels

» Constructed from silicon using anisotropic etch and
photolithography techniques

* Pixel surfaces coated with Bismuth

Folding Process 3x3 Array of Pop-Up Pixels
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FEMCI

®oplsitclilciifelf) Poo-Ug Daitacior: Vecheanical T

» Path length = 150 nm
» Torsion bar length = 55 nm, width = 15 nm
» Strain relief cantilever length = 75 rm

300X
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Einite ElemeniAReiySIs

* Nonlinear Geometry Static Analysis
— Folding involves large displacements and rotations
— Use UAI/NASTRAN “app nonlinear”
— Linear material response (constructed from brittle Si)
* Preloaded Normal Modes Analysis
— Update stiffness: import from static analysis
— Update geometry/mass: transform nodes
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NelgRllgleEld Eldamieiry Stailc Analysis: Finit

Geometry
— Focus on a single pixel
— QUADR elements
— PSHELL and PCOMP physical properties
Material
— Single crystal silicon (1mm membrane)
« E=175GPa n=0.27 r =2300 Kg/m3=2.3E-9 mg/mm3
— Bismuth (10mm coating)
« E=32GPa n=0.33 r =9800 Kg/m3 = 9.8E-9 mg/mm3
Boundary Conditions
— Enforced rotation
— Enforced lateral displacement

Units
— Length =mm, Mass = mg ===> Force = pN, Stress =Pa
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Slollifile) R P faieecltica cricl Convergerice

* Requires incremental and iterative solution approach

e Solution procedure:
— Apply loads in steps
— Divide steps into load increments

* Automatic
« Manual

— Numerically iterate to convergent solution for each increment
« Stiffness update (accurate, fewer iterations, more computation)

* Unbalanced force update (approximate, more iterations, less
computation)

* Primary challenge: get convergence to correct solution

» Vary steps, increments, iterations, and other parameters to
obtain and improve convergence

* Non-linear significantly more sensitive than linear
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UAI/NASTRAN Cardis

APP NONLI NEAR BEG N BULK
SOL STATI CS
R e eI NLSOLVE, 1, ARC, FI X, AUTQ, , , , ,
$ Extract the last stiff. matrix before reduction 200, 1, 100
ASSI GN USER1=nmmtri x. nt x, NEW USE=OQUTPUT1, real | ocat e NLSOLVE, 2, ARC, FI X, FI X, , , ,,
ALTER 205 200, 1, 10
QUTPUT1 KGGNLX,,,,//-1/*USER1* $
ENDALTER MOMENT, 1, 10001,,0.0,0.0,1.0,0.0
R i T SPCD, 1, 10001, 5, 1.5708
CEND SPC1, 1, 5, 10001
DI SP( PRI NT) = ALL LOAD, 301, 1.0, 0.05,1
NLFORCE( PRI NT) = ALL LOAD, 302, 1. 0, 0.10,1

NLSTRES( PRI NT, VONM SES) = ALL .
. | NCLUDE * nodel . bdf’
SUBCASE 1
SPC = 1 ENDDATA
NLTYPE = GEOM STRAI N=GREEN)
STEP 1
LOAD = 301
NLSOLVE = 1
STEP 9
LOAD = 309
NLSOLVE = 1
STEP 10
LOAD = 310
NLSOLVE = 2

STEP 20
LOAD = 320

NLSOLVE = 2
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D

Non-linear Defiorm
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Preloaded NormaiNVvie;

Prior to eigenvalue solution:

import from static analysis

Update stiffness:

Update geometry/mass: transform nodes
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Modal Analy/SISNeeiiseisEsl

Transformed| Updated 1 Mode | 1% Mode
Nodes Stiffness Freq. (Hz) Shape
Yes 3400 Pendulum
Yes 20800 Flat Rotate
Yes Yes 5400 Pendulum

]FJL \ Jonathan L. Kuhn - Sebastien Lienard, April 1st, 1999

Geometric Nonlinear Analysis Using UAI-NASTRAN

28



Conclusions

FIE ML

Pros:

— New APP NONLINEAR works well for both large displacement and
instability types of non-linear geometry problems

— Can do dynamic analysis using DMAP
— Offers a large amount of solution control
Cons:

— As with all non-linear analyses, convergence can be difficult and
time consuming (but not impossible!)

— Documentation lacking and sometimes incorrect or misleading
— First release: a few bugs and idiosyncrasies
— Bulk temperature change not implemented for non-linear elements!

Jonathan L. Kuhn - Sebastien Lienard, April 1st, 1999 Geometric Nonlinear Analysis Using UAI-NASTRAN

29



